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 MEASUREMENT OF IN-SITU COAL CLEAT 
COMPRESSIBILITY 
 
Gelber Taco1, Alberto Kamenar2, Jeff Edgoose3 
ABSTRACT: This paper presents a new and fast method to measure the in situ coal cleat 
compressibility in a vertical well. Traditional coal cleat compressibility is measured in a lab using small 
coal samples placed in a cell for its exposure to methane, temperature, pressure and stress 
representing the in situ conditions. This test takes about one year to complete, and coal heterogeneity 
and fragility make selection of representative samples difficult. While testing coals for permeability, 
borehole storage coefficients up to 100 times larger than expected were observed. This anomaly 
suggests a coal cleat compressibility effect and provides a foundation to develop a new method to 
measure coal cleat compressibility from borehole storage analysis.To assess the reliability of the 
method, 52 measurements were compared against internationally published lab data. The range of 
variability considered from both data sets presented a good correlation which validates the results 
applied from conventional well testing. This is a good result given that coal cleat compressibility changes 
with depth, coal rank and gas content. This simple method, developed from permeability testing 
technology, should help engineers understand coal permeability variations with gas drainage, stress, 
and geomechanical changes.  
INTRODUCTION 
Coal Cleat Compressibility (CCC) is a difficult parameter to measure because it requires elaborate lab 
preparation and the results depend on a variety of environmental and coal properties.  For example, 
Liu, and Harpalani (2014) measured the CCC and the matrix sorption compressibility of a coal from the 
San Juan Basin, New Mexico, using helium and methane. Helium is used to measure the elastic 
properties of the coal since it is not adsorbed in coal.  Methane is used to assess the adsorption effect 
on compressibility. The results showed that the total coal compressibility is dominated by the CCC. With 
helium, the matrix sorption compressibility represents around 0.7 % of the CCC, and with methane, 
around 1.5 % of the CCC. For this reason, the CCC is also called coal compressibility.  Seidle (2011, 
P 53) states that “coal compressibility values within a factor of two are regarded as excellent 
agreement”. Similarly, coal cleat porosity is also difficult to measure with confidence because of its small 
value, usually in the order of 0.1% (Liu, et al., 2014).  
The method proposed in this paper will simplify the CCC measurement using well testing techniques 
available in the industry with the advantage of being faster, determined in situ and applicable to the 
whole coal seam intersected by a well. 
TOTAL COAL COMPRESSIBILITY AND CCC 
The total compressibility of an in-situ coal seam is a function of the rock matrix and fluids present in the 
system, Seidle (2011) as shown in equation (1)  
 𝑐𝑐𝑡𝑡 = 𝑆𝑆𝑤𝑤𝑐𝑐𝑤𝑤 + 𝑆𝑆𝑔𝑔𝑐𝑐𝑔𝑔 + 𝑐𝑐𝑓𝑓 + 𝑐𝑐𝑑𝑑           (1) 
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Where: 
 𝑐𝑐𝑡𝑡 = Total system compressibility 
 𝑆𝑆𝑤𝑤 = Water saturation, fraction 
 𝑐𝑐𝑤𝑤 = Water compressibility 
 𝑆𝑆𝑔𝑔 = Gas saturation fraction 
 𝑐𝑐𝑔𝑔 = Gas compressibility 
 𝑐𝑐𝑓𝑓 = Fracture system pore compressibility or the CCC 
 𝑐𝑐𝑑𝑑 = Sorption compressibility (matrix sorption compressibility) 
When the coal is under-saturated the cleats and butts contain 100 % water and no free gas, thus Sw= 
1, and Sg= 0. 
Moreover, the sorption matrix compressibility is very small when compared with the CCC. This is 
illustrated by the Liu and Harpalani (2014) study of the coal from the San Juan Basin, New Mexico 
where at 4.0 MPa the sorption compressibility constrained condition is 1.5% of the CCC, thus cd ~ 0, 
and equation (1) becomes: 
𝑐𝑐𝑡𝑡 ≈ 𝑐𝑐𝑤𝑤 + 𝑐𝑐𝑓𝑓                                                                       (2) 
For the range of temperature and pressure encountered in coal seams, the water compressibility is in 
the range of 4.35x10-4 MPa-1 (3.0x10-6 psi-1) to 5.07x10-4 MPa-1 (3.5x10-6 psi-1). This is about 100 times 
smaller than the CCC. Therefore cw ~ 0 compared with cf   and equation (1) reduces to: 
𝑐𝑐𝑡𝑡 ≈ 𝑐𝑐𝑓𝑓           (3) 
WELLBORE STORAGE AND COMPRESSIBILITY 
In well-testing, the wellbore storage is defined in two ways, Ramey (1965): 
• The wellbore storage constant is expressed as a water volume between the isolating packers  
𝐶𝐶 = 𝑉𝑉𝑢𝑢𝑐𝑐𝑤𝑤             (4) 
Where: 
𝐶𝐶 = wellbore storage constant, m3/MPa (bbl/psi) 
𝑉𝑉𝑢𝑢 = wellbore water volume between packers, m3 (bbl)  
𝑐𝑐𝑤𝑤 = Water compressibility, MPa-1 (psi-1) 
 
• And the wellbore storage constant is expressed in terms of surface flow rate “q”, time “t” and 
pressure “p” 
𝐶𝐶 =  𝑞𝑞𝑞𝑞∆𝑡𝑡   
24∆𝑝𝑝
           (5) 
Where:  
𝑞𝑞 = Surface rate m3/d (bbl/d); 𝐵𝐵 = Water volumetric factor 
∆𝑡𝑡,∆𝑝𝑝 = Corresponding time - pressure increments, hr, KPa (hr, psi)  
 
Well test interpreters use equation (4) to estimate the wellbore storage constant C from the linear plot 
of pressure versus time as shown in Figure 1. The line through the beginning of the shut-in points 
defines the ratio Δt/Δp; thus, the wellbore storage constant is estimated inserting the flow rate q and 
the volumetric factor B in equation (5).  
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Figure 1: Linear plot of Δp versus Δt. 
Another approach widely used in well testing is the use of the log-log plot of pressure versus time. 
Equation (5) expressed in logarithmic form is: 
𝑙𝑙𝑙𝑙𝑙𝑙 ∆𝑝𝑝 = 𝑙𝑙𝑙𝑙𝑙𝑙 ∆𝑡𝑡 + 𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝐵𝐵   24𝐶𝐶  (6) 
This is a classical linear equation of log Δp versus log Δt with a slope of 1 and wellbore storage C 
included in the intersection with the log ∆p axis. Figure 2 clearly illustrates this slope at the beginning 
of shut-in where the wellbore storage is dominant. Complete examples of wellbore storage analyses 
are presented in page 7 of Taco G, Kamenar A and Edgoose J (2012). 
 
Figure 2: Log-log plot showing the wellbore storage and the radial flow. 
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Wellbore storage constant with equations (4) and (5) 
Earlougher (1977) stated that results from equations (4) and (5) should agree fairly well. When this 
match does not occur, further investigations are required. He also noted that wells highly stimulated or 
fractured, wells producing at high gas-liquid ratios and wells used for viscous fluid injection often have 
much larger wellbore storage coefficients from equation (5) than those predicted from equation (4). 
It has been consistently observed when testing coal permeability that results from equation (4) are 
appreciably higher than equation (5) in spite of producing clean water with no gas, having a smooth 
wellbore in-gauge and prior to any fracture stimulation in the well. 
Table 1 shows the wellbore storage results of 26 coal seams where the operator ran sequentially one 
Drill Stem Test (DST) and one Injection Falloff Test (IFT) in each seam totalling 52 tests in Taco G, 
Kamenar A and Edgoose J (2012),. Column 5 presents the C results with equation (4) and columns 7 
and 9 results derived from equation (5) using DST and IFT data respectively. Figure 3 shows graphically 
these Vu results where C values from equation (4) are appreciably higher than that of equation (4). 
Table 1: Wellbore storage and wellbore volumes from DST and IFT 
1 2 3 4 5 6 7 8 9 10 
Coal Packer Wellbore Water Wellbore DST IFT 
Seam Spacing Caliper Comp, Cw C, Equ 3 Vu C, Equ 4 Vu C, Equ 4 Vu 
 (m) (mm) (1/MPa) (m3/KPa) (m3) (m3/KPa) (m3) (m3/KPa) (m3) 
1 7.86 107.4 4.55E-04 3.24E-08 0.07 1.40E-07 0.31 8.50E-07 1.87 
2 14.10 116.5 4.50E-04 6.76E-08 0.15 2.53E-06 5.63 4.28E-06 9.50 
3 7.86 110.0 4.63E-04 3.46E-08 0.07 2.77E-07 0.60 2.31E-07 0.50 
4 7.86 95.5 4.51E-04 2.54E-08 0.06 1.75E-07 0.39 2.15E-07 0.48 
5 6.80 116.0 4.51E-04 3.24E-08 0.07 1.18E-06 2.61 5.58E-06 12.37 
6 10.55 105.0 4.54E-04 4.15E-08 0.09 1.08E-06 2.38 4.62E-06 10.18 
7 10.55 117.0 4.57E-04 5.18E-08 0.11 5.51E-07 1.21 5.77E-07 1.26 
8 6.86 100.0 4.54E-04 2.45E-08 0.05 4.29E-06 9.45 7.24E-06 15.94 
9 10.86 100.0 4.55E-04 3.88E-08 0.09 3.63E-07 0.80 3.50E-07 0.77 
10 13.55 100.0 4.45E-04 4.74E-08 0.11 1.45E-07 0.33 2.03E-07 0.46 
11 10.30 135.0 4.49E-04 6.62E-08 0.15 3.69E-07 0.82 1.67E-06 3.73 
12 10.30 135.0 4.44E-04 6.55E-08 0.15 5.77E-07 1.30 6.99E-06 15.75 
13 10.30 131.0 4.41E-04 6.12E-08 0.14 4.70E-07 1.07 1.54E-06 3.50 
14 13.81 132.0 4.50E-04 8.50E-08 0.19 4.44E-07 0.99 9.95E-07 2.21 
15 13.81 138.0 4.46E-04 9.21E-08 0.21 5.41E-07 1.21 7.49E-07 1.68 
16 10.81 95.5 4.55E-04 3.52E-08 0.08 1.55E-06 3.41 9.86E-07 2.17 
17 10.81 96.0 4.50E-04 3.52E-08 0.08 1.44E-06 3.20 4.48E-07 1.00 
18 13.81 135.0 4.49E-04 8.88E-08 0.20 3.25E-07 0.72 2.04E-07 0.45 
19 15.81 135.0 4.44E-04 1.00E-07 0.23 2.86E-07 0.64 4.40E-07 0.99 
20 13.81 135.0 4.42E-04 8.74E-08 0.20 1.82E-07 0.41 2.89E-07 0.65 
21 10.55 95.0 4.54E-04 3.39E-08 0.07 1.49E-07 0.33 8.78E-07 1.93 
22 10.55 95.0 4.50E-04 3.37E-08 0.07 2.08E-07 0.46 1.17E-06 2.61 
23 10.55 95.0 4.54E-04 3.40E-08 0.07 1.34E-06 2.96 2.61E-06 5.75 
24 10.55 95.0 4.50E-04 3.37E-08 0.07 1.26E-07 0.28 1.84E-07 0.41 
25 7.55 93.0 4.61E-04 2.37E-08 0.05 5.90E-07 1.28 9.48E-07 2.05 
26 6.86 98.4 4.66E-04 2.43E-08 0.05 1.48E-06 3.17 4.45E-06 9.42 
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Figure 3: Wellbore storage from: Wellbore Geometry, DST and IFT 
 
The CCC calculation rationale 
It is likely that the CCC causes results from equation (5) to be higher than equation (4). Accordingly, calculating 
the in-situ CCC of coal seams requires scrutiny of the physics of both equations.  
Cleat compressibility is commonly known as pore compressibility Hollup (1992). Reservoir engineers, on the other 
hand, refer to it as “formation compressibility” which is defined as the ratio of pore volume change caused by 
pressure change in a determined bulk volume. Based on these concepts, the rationale to calculate CCC from 
wellbore storage analysis of coal seam well testing follows: 
The total coal isothermal compressibility is: 
𝑐𝑐𝑡𝑡 = 1𝑉𝑉𝑡𝑡 ∆𝑉𝑉𝑡𝑡∆𝑝𝑝  (7) 
 Where: 
 Vt = Coal bulk volume or volume of reference for compressibility  
 ct   = Coal bulk volume compressibility 
 ΔVt = Coal volume change caused by applying a Δp pressure  
The definition of CCC is: 
 
𝑐𝑐𝑓𝑓 = 1Ø ∆Ø∆𝑝𝑝          (10) 
 
Where: 
𝑐𝑐𝑓𝑓 = Fracture system pore compressibility or cleat compressibility  Ø = Cleat porosity 
 
From equations (3), (7) and (10) it can be inferred that the total coal compressibility is a good 
approximation of the CCC as follows: 
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𝑐𝑐𝑡𝑡 = 1𝑉𝑉𝑡𝑡 ∆𝑉𝑉𝑡𝑡∆𝑝𝑝 ≈ 1Ø∆Ø∆𝑝𝑝 = 𝑐𝑐𝑓𝑓 
That is: 
𝑐𝑐𝑓𝑓 ≈
1
𝑉𝑉𝑡𝑡
∆𝑉𝑉𝑡𝑡
∆𝑝𝑝    or the CCC.        (11) 
Equation (11) relates the total coal deformation (ΔVt) caused in a coal volume (Vt) as a result of applying a pressure 
pulse (Δp). Therefore, if we know these in-situ values, we can calculate the in-situ CCC. The following sections 
discuss the calculation of the right-hand side variables of equation (11) from well testing data. 
Calculation of ΔVt  
To estimate ΔVt - the total coal volume change caused by the pressure change Δp - a modification of equation (4) 
is required to include the wellbore volume between packers, Vu , and the coal deformation, ΔVt , as follows: 
𝐶𝐶 = (𝑉𝑉𝑢𝑢 + ∆𝑉𝑉𝑡𝑡)𝑐𝑐𝑤𝑤              (12) 
This equation represents the total equivalent volume of water required to generate the higher wellbore 
storage calculated with equation (5). The left-hand side of Figure 4 illustrates the concept of Vu and the 
right-hand side the ∆Vt. 
Taking out ΔVt :  
∆𝑉𝑉𝑡𝑡 = 𝐶𝐶𝑐𝑐𝑤𝑤 − 𝑉𝑉𝑢𝑢          (13) 
In this equation all the right-hand variables can be measured on conventional borehole testing. To calculate the 
wellbore volume between packers, Vu, we use a cylinder volume with a diameter equal to the wellbore calliper, 
obtained from calliper log, and the height equal to the packer spacing.  
For the wellbore storage, C, the early points of the linear or log-log plots of ∆t were used, ∆p, values collected 
during the test as Figure 1 and Figure 2 illustrate. To estimate the water compressibility, cw, A correlation of water 
compressibility was used as a function of temperature, pressure and water salinity. With these values the ∆Vt was 
calculated according to equation (13).  
Calculation of Δp 
Like the ΔVt   parameter, the Δp is also obtained from the wellbore storage. It has been observed that 
at the very early time of wellbore storage the pressure points line up with a straight line that crosses the 
origin. The slope of this line defines the wellbore storage as illustrated in Figure 1. 
After the first few points line up, they start to depart from the straight line. These departing points 
represent the transition from wellbore storage to radial flow. The points lining up along the line represent 
the instantaneous coal elastic response to the pressure pulse of shut-in or falloff (DST or IFT 
respectively). From this departing point, the Δp is taken for the CCC calculation. 
This elastic response is a rapid phenomenon, only noticeable when the isolating packers and pressure 
gauge are very close to the coal seam and the pressure recorder is set to capture high resolution of 
time steps. In Figure 1, the pressure points departed the red line at 7 secs (0.002 hrs) from 
commencement of the pressure pulse and when the Δp was 41.37 KPa (6.0 psi). 
Figure 5 shows another example where the pressure points depart at 3 secs (0.00083 hrs) with a Δp of 28.96 KPa 
(4.2 psi) 
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Figure 4:  Water inside the cleat porosity behaves like an extension of the wellbore and 
communicates pressure constituting the ΔVt 
 
Figure 5: Linear plot of Δp versus Δt on a DST. The Δp at separation of the line is 4.2 psia 
Calculation of Vt 
In the lab, the Vt of a coal sample is directly measured being the bulk volume. The equivalent bulk volume in-situ 
during well testing would be a large coal annulus cylinder where the inner cylinder represents the borehole and the 
external cylinder the bulk coal volume affected by the pressure pulse. The left-hand side of Figure 6 shows this 
concept and the right-hand side its application to a coal seam during a test.  
Wellbore volume , "Vu", 
fill up with water
Isolating Packers
Isolating valve 
Pressure  gauge
Testing string
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Figure 6: To estimate the coal volume reference, Vt, we use a cylinder of coal with radius 
equivalent to the radius of investigation developed during the wellbore storage. 
 
From the external cylinder we know the height, which is the coal seam thickness, but we don’t know the 
radial dimension. Intuitively we could calculate this radius invoking proportionality between the wellbore 
storage duration and the radius of that cylinder, i.e. the larger the cylinder radius the larger the wellbore 
storage.  
The radius of investigation in well testing is a function of permeability and time, the former measured 
on IFT or DST well tests, the latter calculated at a particular point on the wellbore storage pressure 
derivative plot. 
Figure 7 shows a typical wellbore storage pressure derivative plot and the points to choose for the time 
calculation of the external cylinder radius for Vt.  The IFT is selected at the maximum of the wellbore 
storage hump and the DST at 1/3 within that maximum and the beginning of the radial flow as Figure 7 
indicates. Thus, with this time and the permeability, the cylinder radius of Vt is calculated. This approach 
gives the best calibrated results on the 52 tests. 
Justification for the selected times, Figure7 
There are no laboratory measurements of CCC on the coals tested in Table 2 to calibrate the results 
derived from borehole testing; for this reason, these results are statistically validated with published 
laboratory values available in the literature.   
Seidle (2011) published in his book 13 CCC values from different basins, ages and ranks from around 
the world. These values range from 0.0435 MPa-1 to 0.363 MPa-1 (0.0003 psi-1 to 0.0025 psi-1). Figure 
8 shows these values in a logarithmic probabilistic grid to assess the sample distribution and are used 
as the reference to calibrate the values generated with the proposed method. 
Limit of 
Radius of 
Investigation 
Coal Opertors’ Conference    
 
University of Wollongong, February 2020 17 
 
 
Figure 7: Selected times for the radius of investigation to calculate the cylinder radius for Vt  
 
 
Figure 8: CCC cumulative distribution, Seidle 2011 lab data 
Figure 9 shows the CCC data from IFT, DST and Seidle (2011) which matches very well up to a 
cumulative frequency of 80%. Thus, the values obtained using the proposed method are reasonable as 
they fall within the expected range of data obtained from lab analyses.  
1/3 2/3
DST Time:
Time to estimate 
radius of investigation
with DST 
IFT Time:
Time to estimate 
radius of investigation
with IFT 
Radial Floww
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Figure 9: CCC cumulative distribution from DST, IFT and Seidle data 
Also note that Seidle’s data includes coals from North Queensland and Sydney which are labelled to 
compare with the other results showing a good match. This is a good outcome given that coal cleat 
compressibility changes with depth, coal rank and gas content. The reason for different time choices 
from the pressure derivative for the IFT and DST data is the pressure pulse direction during the tests. 
The pressure for the IFT is increased in front of the coal face above the reservoir pressure to inject 
water into the coal seam before the well is shut-in for falloff pressure until the pressure equalises with 
the reservoir pressure.  In contrast, the pressure in the DST is reduced below the reservoir pressure 
so that water is produced from the coal seam and then is shut-in for built up pressure until pressure 
equalises with the reservoir pressure. These different pressure actions cause different responses from 
the coal seam, with different external radius of coal cylinder for each Vt calculation. 
RESULTS DISCUSSION  
The previous sections showed the calculation of ΔVt, Vt and Δp. Using these values equation (10) is 
solved to determine the CCC. This procedure has been applied to 26 DSTs and 26 IFTs run sequentially 
in 26 coal seams making a total of 52 tests. Table 2 presents the CCC results in columns 7 and 12 from 
DST and IFT data respectively, and also the ΔVt, Vt, Δp values and the permeability and coal thickness 
for each test. Figure 10 shows the DST values arranged in increasing order and collated with Seidle 
(2011) data. Note that the CCC values are in logarithmic scale so that the small values are observed 
better.  
Note that in some cases the DST and IFT are appreciably different. The reason for this is the likelihood 
of a very small amount of gas being “produced” during the DST test. At the time of the testing operation, 
the degree of gas saturation of the seams was unknown. It is possible that some wells were tested with 
the reservoir pressure close to the coal desorption pressure, particularly those wells near a mining 
operation.  These may have released some gas during the DST drawdown affecting the wellbore 
storage in the IFT falloff and hence the CCC calculation. The tests where gas bubbles were detected 
during the DST drawdown are labelled in Figure 10. 
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Figure 10: CCC values from DST and IFT with respect to DST increased values collated with J 
Seidle data 
 
Table 2: Cleat compressibility results from DST and IFT 
1 2 3 4 5 6 7 8 9 10 11 12 
Coal Coal DST IFT 
Seam Thick. Perm Vt ΔVt Δp CCC Perm Vt ΔVt Δp CCC 
      cf     cf  
 (m) (mD) (m3) (m3) (KPa) (1/MPa) (mD) (m3) (m3) (KPa) (1/MPa) 
1 4.82 84.56 48.50 0.24 20.69 0.2355 21.81 354.94 1.80 103.43 0.0490 
2 9.03 4.95 207.59 5.48 40.67 0.6494 10.75 649.32 9.35 31.03 0.4642 
3 4.33 6.45 23.24 0.52 39.65 0.5691 3.65 50.36 0.42 68.95 0.1223 
4 5.31 3.06 112.36 0.33 55.16 0.0536 2.24 51.40 0.42 37.92 0.2164 
5 4.31 14.48 111.02 2.54 62.06 0.3684 6.56 1287.69 12.30 16.55 0.5772 
6 6.29 37.90 316.28 2.28 151.69 0.0476 37.00 3071.75 10.09 17.24 0.1906 
7 5.63 14.56 30.65 1.09 165.48 0.2153 12.83 324.51 1.15 75.85 0.0467 
8 4.34 9.07 492.58 9.40 53.09 0.3594 4.69 683.34 15.89 11.72 1.9834 
9 7.20 6.96 73.10 0.71 55.16 0.1765 0.86 205.90 0.68 34.48 0.0963 
10 6.43 0.52 20.73 0.22 46.20 0.2292 0.41 62.70 0.35 31.03 0.1805 
11 4.94 3.15 119.68 0.68 55.16 0.1023 3.48 451.10 3.58 36.54 0.2173 
12 7.93 2.18 53.03 1.15 27.58 0.7872 0.73 363.05 15.60 13.79 3.1176 
13 6.68 1.16 327.27 0.93 34.48 0.0822 0.42 71.71 3.36 29.65 1.5827 
14 7.02 4.65 75.45 0.80 62.06 0.1706 2.72 446.30 2.02 29.65 0.1528 
15 6.31 4.89 108.34 1.01 27.58 0.3369 2.57 208.92 1.47 32.41 0.2178 
16 3.55 36.20 203.66 3.34 82.74 0.1980 25.66 65.92 2.09 89.64 0.3539 
17 7.03 16.88 140.30 3.12 73.09 0.3043 2.45 525.18 0.92 14.48 0.1208 
18 4.18 9.62 9.96 0.53 131.01 0.4033 5.09 11.86 0.26 55.16 0.3992 
19 7.47 2.45 28.51 0.42 58.61 0.2496 1.85 108.52 0.76 28.96 0.2438 
20 6.98 1.66 40.90 0.21 68.95 0.0756 1.01 95.02 0.46 17.24 0.2790 
21 8.34 1.18 77.26 0.25 44.82 0.0729 0.40 125.51 1.86 32.41 0.4573 
22 6.60 0.06 16.96 0.39 64.12 0.3565 0.05 52.85 2.54 23.44 2.0500 
23 7.79 4.19 460.41 2.89 24.13 0.2598 3.81 511.92 5.67 58.61 0.1891 
24 5.45 0.35 20.94 0.20 62.06 0.1571 0.12 52.71 0.33 148.24 0.0427 
25 1.40 75.95 126.69 1.23 124.11 0.0780 50.63 45.20 2.00 165.48 0.2681 
26 5.00 5.65 23.34 3.12 117.22 1.1405 2.53 185.27 9.36 41.37 1.2221 
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Furthermore, it is interesting that both CCC and reservoir permeability present lognormal distributions and this has 
contributed to the good correlation between DST and IFT result with Seidle data as Figures 9 and 10 illustrate. 
Also, this confirms the correct time location on the pressure derivative plots, as shown in Figure 7, for the 
calculation of the radius of investigation. 
It was noted that the CCC and other coal properties measured in the lab are sample size dependent, [Massarotto 
(2002)]. The bigger the core sample the more reliable the results. Furthermore, the coal rank, maturity and tectonic 
stresses also affect the compressibility. Un-stressed coals have high compressibility, while stressed coals have 
much lower compressibility. Therefore, the measurement of CCC in situ that includes the whole seam will assist 
the description of other geomechanical parameters at the coal seam scale. The following section illustrates how 
the CCC can be used to estimate the Young Modulus of a whole coal seam.  
Young and Bulk Modulus calculation from the CCC 
Liu and Harpalani (2014) presented an equation that relates the Bulk compressibility and the CCC: 
 
𝐶𝐶𝑓𝑓 = 1∅ [𝐶𝐶𝑏𝑏 − (1 − ∅)𝐶𝐶𝑠𝑠]           (14) 
 
Where: 
 Cb = Bulk compressibility 
 Cf = Coal Cleat Compressibility  
 Φ = Cleat porosity (effective porosity) 
 Cs = Solid matrix compressibility  
 
Taken out the Bulk compressibility, 
𝐶𝐶𝑏𝑏 = ∅�𝐶𝐶𝑓𝑓 − 𝐶𝐶𝑠𝑠� + 𝐶𝐶𝑠𝑠               (16) 
Cs is very small comparing to Cf, thus Cs ~ 0, thus: 
𝐶𝐶𝑏𝑏 ≈ ∅𝐶𝐶𝑓𝑓                              (17) 
The Bulk compressibility is the reciprocal of Bulk Modulus “K” then  
𝑐𝑐𝑏𝑏 = 1𝐾𝐾            (18) 
 
The geomechanical parameters Bulk modulus, Shear modulus and Poison Ratio are intrinsically related 
through the equations (18) 
 
𝐾𝐾 = 𝐸𝐸
3(1−2𝜈𝜈)            (19) 
Where: 
 K = Bulk modulus  
 E = Young modulus 
 ν = Poison Ratio 
  
The cleat porosity Φ, is small and difficult to measure; it is often estimated by history matching the water 
production rates against different values of cleat porosity. Liu and Harpalani (2014) searched the 
literature for typical values of Φ encountering that ranged from 0.05% to 1.0%. 
On the other hand, Seidle (2011, P 52) presented values of Young modulus and Poisson Ratio collected 
also from the literature; with these values and using equation (17) the Bulk Modulus was calculated as 
Table 3 shows: 
Similarly, Bulk Modulus and Young Modulus were evaluated from the CCC obtained from well testing, 
see Table 2, for which equations (15), (16) and (17) were used assuming Poison Ratios of V = 0.3, 0.2; 
cleat porosity Φ of 0.5%, 0.1%, and Cs = 0. The results together with the values of Table 3 above are 
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presented in Figure 11. It appears a reasonable match between Seidle laboratory data and the ones 
derived from CCC data. Note that the majority of well testing data of Table 2 comes from North 
Queensland coals. Also note that the CCC is derived from field measurements in the whole coal seam 
column and when using accepted geomechanical equations it provides reasonable and practical results 
to assess other geomechanical parameters that could be applied to new or existing coal projects.  
 
Table 3, Bulk Modulus Calculated with equation (17) 
Table 2-11, John Seidle (2011, P 52) Calculated, Equ, (17) 
Basin Coal Rank Young's Module 
Poisson's 
Ratio 
Bulk 
Modulus 
   MPa  MPa 
na^a Na na 2,689 0.32 2,490 
Warrior^b Blue Creek  2,758 0.35 3,064 
San Juan^c Fruitland med.vol 3,379 0.30 2,815 
San Juan ^d Fruitland med.vol 5,585 0.35 6,206 
WCSB^e various sub.B/Hi-vol.C 2,999 0.30 2,499 
na^f Na na 1,000 0.20 555 
na^g Na na 13,997 0.4 23,328 
San Juan^h Fruitland hi-vol^A 3,592 0.21 2,065 
San Juan^i Fruitland med.vol 4,482 0.32 4,150 
Piceane^j Cameo med.vol 2,413 0.31 2,117 
WCSB^k Na na 1 - 5,000 0.26 -0.48  
 
 
Figure 11: Young and Bulk Modulus evaluated from CCC from well testing using Cs =0. Also, 
Bulk Modulus calculated from J Seidle Table 3 (2011, P 52) 
CONCLUSIONS 
This practical method, developed from permeability testing technology, should help engineers preparing 
better simulation models for mine degassing and improve permeability measurements and material 
balance calculations. Furthermore, it will assist wall and roof stability assessment and fracturing design 
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by having better geomechanical models. Finally, it is envisaged that the potential application of this 
method to estimate in situ gas desorption pressure to validate Langmuir isotherms. 
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